Abundant tourmaline occurs in the Lavicky leucogranite, Czech Republic as spherical to ovoid quartztourmaline orbicules, typically 5 to 7 cm in diameter. The tourmalines also occur as fine-grained quartztourmaline veins (<1 cm thick) that cut the orbicule-rich granite. Electron microprobe analyses reveal that tourmaline from the quartz-tourmaline orbicules is Fe-rich schorl with a range of Fe/(Fe+Mg) ratio 0.62 to 0.77 and Na/(Na+Ca) ratio 0.82 to 0.95. In contrast, tourmaline from quartz-tourmaline veins is Mg-rich dravite with a range of Fe/(Fe+Mg) ratio 0.23 to 0.45 and Na/(Na+Ca) ratio 0.67 to 0.90. Very low δ 11 B values of -37.3 to -32.1‰ are found in the tourmalines from the orbicules, whereas tourmalines from the veins display relatively higher δ 11 B values of -28.2 to -21.3‰. The overall large δ 11 B variation is suggested to reflect mixing of different boron sources and boron isotope fractionation during magmatic degassing and magmatic-hydrothermal evolution at late solidus to early subsolidus stages of granite crystallization. Only non-marine evaporites show very negative δ 11 B values (<-20‰) in all natural boron reservoirs, hence, the very low δ 11 B values of the quartz-tourmaline orbicules likely indicate a major contribution of boron from non-marine evaporites that probably exist in the magma source regions or assimilated into the magma during its ascent. Quartz-tourmaline orbicules may have formed during a transition from magmatic to hydrothermal processes, whereas the vein tourmalines formed by mixing of the exsolved magmatic-hydrothermal fluids with an external fluid rich in Ca and Mg and having higher δ 11 B than the exsolved magmatic fluids.
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nificant implications for evolution of magma and volatiles and in fluid-rock interactions, and have long invoked debate regarding their origin (Tilley, 1919; Brammall and Harwood, 1925; Hutchison and Leow, 1963; Nêmec, 1975; Samson and Sinclair, 1992) .
In recent years, chemical and boron isotopic compositions of tourmaline have been used as an innovative geochemical tracer in the studies of ore-genesis and petrogenesis (Palmer and Swihart, 
INTRODUCTION
Tourmaline is a common borosilicate mineral in many granitic bodies. It typically occurs as disseminations, aggregations, pods and veins within the granite or as metasomatic zones and veins along pluton contacts and in country rocks. In a small leucogranite body near Lavicky in western Moravia, Czech Republic, tourmaline is abundant in the granite as quartz-tourmaline orbicules. Tourmaline orbicules are relatively uncommon worldwide. Studies of these orbicules have sig-maline typically reflects the environment in which it crystallized (e.g., Henry and Guidotti, 1985; Slack, 1996) . Previous boron isotope studies have revealed its large fractionation (~80‰ variation in δ 11 B) between the two isotopes of 10 B and 11 B in nature (Palmer and Swihart, 1996; Jiang, 1998; Jiang and Palmer, 1998) . As a highly mobile element during magmatic and fluid-related processes, boron tends to be preferentially enriched in late exsolved volatile-rich fluids; and the exsolution of these fluids leads to depletion of boron and other "fluid mobile" elements in granites (London et al., 1996; Dingwell et al., 1996) . In most cases, tourmaline is the only significant boron sink in the granite-hydrothermal systems. Study of boron isotopes in tourmaline should therefore yield valuable information regarding magma-volatile relationship, magmatic-hydrother- mal evolution, and origin of granitic rocks, particularly for B-rich peraluminous leucogranites and pegmatites. Although chemical compositions of tourmaline from granites and associated hydrothermal systems have been widely reported, boron isotopic studies of tourmaline in these settings are relatively rare (Swihart and Moore, 1989; Chaussidon and Albarède, 1992; Smith and Yardley, 1996; Jiang and Palmer, 1998; Tonarini et al., 1998; Jiang, 2001) , and there is no report on boron isotopic compositions of tourmaline from quartz-tourmaline orbicules from leucogranite. In this paper, we present a chemical and boron isotopic study on tourmalines from quartz-tourmaline orbicules in a single magmatic-hydrothermal system-the Lavicky leucogranite in the Czech Republic, which provide important insights into the origin and evolution of the granite as well as the boron isotope fractionation mechanism during magma degassing and magmatic-hydrothermal processes. (1975) was the first to study quartztourmaline orbicules in the Lavicky leucogranite. He did a thorough petrologic and geochemical study of the orbicules and the host granite at Lavicky and several other localities in the Czech Republic. The quartz-tourmaline orbicule-bearing granite at Lavicky intrudes a mafic syenite pluton of 340 ± 8 Ma (Holub et al., 1997) and its host metamorphic rocks (migmatite and gneiss) of Proterozoic age (Fig. 1) . This aplitic granite contains, on average, 33.6% quartz, 30.3% K-feldspar, 34.4% plagioclase, 1.7% biotite, and minor (<1%) accessories including muscovite, apatite, andalusite, and tourmaline (Nêmec, 1975) .
GENERAL GEOLOGY AND PETROLOGY

Nêmec
At Lavicky, the quartz-tourmaline orbicules are concentrated on a rather narrow (about 10m thick) subvertical upmost zone of the granitic body. Each quartz-tourmaline orbicule shows a spherical to ovoid shape and is commonly 5 to 7 cm in diameter. Modal mineralogy of the orbicule comprises 40% tourmaline, ~50% quartz, up to 10% plagioclase, and minor muscovite, apatite, and Kfeldspar. A leucocratic halo, which is compositionally similar to the leucogranite except for the absence of biotite, occurs around the orbicule with a sharp boundary. Small fracturefilling quartz-tourmaline veins, up to 1 cm thick and several meters long cut the orbicule-bearing granite. Coarse-grained quartz-feldspar pegmatite dikes, up to 30 cm thick, also occur locally in the granite in the southwestern part of the Lavicky quarry where quartz-tourmaline orbicules are absent. The tourmaline content is relatively small (<5 vol.%) (Nêmec, 1975; Novák et al., 1997) .
Tourmaline occurs in the Lavicky granitic body mainly as abundant spherical to ovoid quartz-tourmaline orbicules and fine-grained quartz-tourmaline veins (<1 cm thick) that cut the orbicule-bearing granite. Minor tourmaline also occurs in the coarse quartz-feldspar pegmatite dikes in orbiculefree granite. Tourmaline from the orbicules is black in hand specimen, and is brown, brownish green, or blue in thin section. It forms subhedral to euhedral crystals with grain size up to 1-2 mm. Minor K-feldspar, plagioclase, and in places muscovite are replaced by tourmaline. Tourmaline from the quartz-tourmaline veins forms fine fibrous to locally hair-like aggregates, and commonly shows strong oscillatory zoning. In the quartz-feldspar pegmatites, tourmalines occur as black columnar subhedral crystals and their aggregates, up to 4 cm long.
ANALYTICAL METHODS
The chemical compositions of tourmaline from the Lavicky leucogranite were determined using a CAMECA SX-50 electron-microprobe in the wavelength-dispersive mode at the University of Manitoba, Canada. The beam voltage for all elements was 15 kV and the beam size was 1 µm. Beam current was 20 nA for Na, Fe, Ca, Si, Al, and Mg, and 30 nA for the other elements. The standards used were diopside (Si, Ca), titanite (Ti), kyanite (Al), fayalite (Fe), olivine (Mg), spessartine (Mn), gahnite (Zn), albite (Na), orthoclase (K), V 2 PO 5 (P), and fluor-riebeckite (F). The structural formulae of tourmaline were calculated on the basis of 31 anions, assuming stoichiometric amounts of B 2 O 3 as (BO 3 ) 3-, i.e., B = 3 atoms per formula units (apfu).
Pure tourmaline separate powders were decomposed in tightly-capped Teflon vials with a mixture of HF + HNO 3 at temperatures of ~120°C for about one week. In order to ensure complete digestion, the sample vials were put in an ultrasonic bath several times a day. After digestion of the tourmaline powder the vials were opened to air and heated at ~60°C for several hours until they became nearly dry. Mannitol was added to the samples before decomposition in order to suppress boron volatilization during evaporation. The samples were then redissolved in 1 ml dilute HCl and loaded onto a cation-exchange resin (AG 50WX12, 200-400 mesh) to separate boron from major cations, following the methods described by Nakamura et al. (1992) . The collected boron fraction was further purified by a boron-specific resin (Amberlite 743, 40-80 mesh) after Aggarwal and Palmer (1995) . Boron isotopic ratios ( 11 B/ 10 B) were measured using negative thermal ionization mass spectrometer (Finnigan Triton) by analysis of BO 2 -. The standard is NIST boric acid SRM 951, purchased from the National Institute of Standards and Technology. During the period of analysis, about 20 analyses of this standard in our laboratory yielded an average 11 B/ 10 B ratio of 4.0089 ± 0.7‰ (2σ), similar to the ratios reported from many other laboratories using N-TIMS methods (Vengosh et al., 1998; Barth, 2000) . In comparison, the certified 11 B/ 10 B ratio of the standard is 4.04362 ± 0.00137 (Catanzaro et al., 1971) . The external 2σ precision of the measurement for all samples is estimated to be better than ±1.2‰ based on duplicate analyses. The boron isotope data are reported in conventional per mil δ notation as δ 11 B (‰) = [( 11 B/ 10 B) sample /( 11 B/ 10 B) standard -1] × 1000.
TOURMALINE COMPOSITIONS AND THEIR SIGNIFICANCE
Electron microprobe analyses (Table 1) show that tourmalines from the quartz-tourmaline orbicules (samples T10a to T10c) are schorl with Fe/(Fe+Mg) ratios of 0.62-0.77 and Na/(Na+Ca) ratios of 0.82-0.95, which is typical of tourmaline from Li-poor granites and pegmatites (Fig.  2) . Tourmalines from the quartz-feldspar Henry and Guidotti (1985) pegmatite dikes (Samples T9a to T9c) are also schorl with Fe/(Fe+Mg) ratios of 0.68-0.79 and Na/(Na+Ca) ratios of 0.95-0.98, which plot in almost the same field as those tourmalines from the orbicules but are more Al-poor (Fig. 2) . In contrast, tourmalines from the quartz-tourmaline veins (Samples T11a to T11c) are dravite with lower Fe/ (Fe+Mg) and Na/(Na+Ca) ratios of 0.23-0.45 and 0.67-0.90, respectively. Small dravite veinlets (Samples T9d and T10d) are found crosscutting tourmalines from the orbicules and pegmatites, which have very low Fe/(Fe+Mg) ratios (0.17-0.27), but similar Na/(Na+Ca) ratios (0.69-0.78) as the vein tourmalines. These dravites also show higher Ti and F contents (up to 1.4 wt% TiO 2 and 1.13 wt% F, respectively) than the other tourmalines (Table 1) . Concentrations of the other elements such as K, Mn, Zn and P are all negligible in the tourmalines.
Fig. 2. Al-Fe(tot)-Mg ternary diagram in terms of atomic proportions for the tourmalines from the Lavicky leucogranite. The numbered fields are after
General compositional trends of tourmaline from the quartz-tourmaline orbicules and pegmatites at Lavicky exhibit characteristics typical for tourmaline from Li-poor granites and pegmatites (Henry and Guidotti, 1985) . However, the tourmalines from the quartz-tourmaline veins that cut the orbicule-bearing granite are Mg-rich dravite, which are also enriched in Ca and Ti, and fall in the fields 4 and 5 (metapelites and metapsammites) of Fig. 2 . The enrichment of these elements indicates their source rocks may be the surrounding mafic syenite with possible introduction of the elements into the vein systems via an external fluid. The fine oscillatory zoning in the vein dravites, as this is typical of hydrothermal tourmaline elsewhere (e.g., Morgan and London, 1987; London and Manning, 1995; London et al., 1996) , may suggest compositional fluctuations in the hydrothermal fluids. Alternatively Ortoleva et al. (1987) proposed a simplest possible mechanism of growth of a mineral from super-saturated solutions that cause zoning with no changes in externally controlled parameters. During a study of tourmaline composition in the Cornish granite-hydrothermal system, London and Manning (1995) suggested that the chemical variation and fine-scale zoning in tourmaline from veins and breccias reflect rapid growth and fluctuating conditions of growth in an open-system. They proposed that the most viable mechanism for the vein tourmaline formation is to introduce Fe-Mg components to a B-rich source through an ingression of host-rock derived fluid along fractures. This mechanism is also a likely interpretation for the Mg-rich nature of the vein tourmalines at Lavicky.
Occurrences of quartz-tourmaline orbicules in granite have long been recognized worldwide (e.g., Knopf, 1913; Tilley, 1919; Brammall and Harwood, 1925; Hutchison and Leow, 1963; Nêmec, 1975; Sinclair and Richardson, 1992) . Overall, these quartz-tourmaline orbicules share similar features such as size, shape, structure, mineralogy, and distribution in the uppermost part of leucogranites. However, their origin has been hotly debated. Some earlier workers believed that these orbicules formed by pneumatolysis and autopneumatolysis (Tilley, 1919; Brammall and Harwood, 1925) , or by magmatic segregation (Knopf, 1913) . Others have suggested a postmagmatic hydrothermal-metasomatic origin (Hutchison and Leow, 1963; Nêmec, 1975) . Based on detailed mineralogic, geochemical, and fluid inclusion studies of quartz-tourmaline orbicules in the Seagull batholith, Yukon Territory, Sinclair and Richardson (1992) Nêmec (1975) , Sinclair and Richardson (1992) , and this study. (1992) proposed that the quartz-tourmaline orbicules formed from residual bubbles of a mixture of boron-silicate melt and orthomagmatic hydrothermal fluid, in a largely crystallized granitic magma that represents a transition from magmatic to hydrothermal processes. This interpretation seems also applicable to the quartz-tourmaline orbicules at Lavicky as they share many similar characteristics, although compositionally the Seagull tourmalines are slightly more Fe-and Narich and Mg-poor than those from Lavicky ( Table  2 ). The Fe-rich nature of the tourmalines from the quartz-tourmaline orbicules suggest that the responsible melt or fluid was also Fe-rich, because the partitioning coefficient of Fe-Mg exchange between tourmaline and melt is near unity (K d = 0.81-0.97), as determined by Benard et al. (1985) under a range of P-T conditions.
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BORON ISOTOPE GEOCHEMISTRY OF THE LAVICKY TOURMALINES
The δ 11 B data of tourmaline from the Lavicky leucogranite obtained in this study are listed in Table 3 . Three tourmaline samples (T6-1-1 to T6-1-3) from the quartz-tourmaline orbicules show δ 11 B values of -32.1‰ to -37.3‰, whereas three tourmaline samples (T6-2-1 to T6-2-3) from the quartz-tourmaline veins have higher δ 11 B values of -21.3 to -28.2‰. These data represent the lowest δ 11 B values recorded in tourmaline from granites and pegmatites in the world and the largest boron isotope fractionation within a single magmatic-hydrothermal system (Fig. 3) . Although previous studies have shown an overall large δ 11 B variation in tourmaline from granites and pegmatites worldwide (~30‰), only limited δ 11 B variations (<5‰) were found within any individual magmatic body (Swihart and Moore, 1989; Chaussidon and Albarède, 1992; Smith and Yardley, 1996; Jiang and Palmer, 1998; Tonarini et al., 1998) . Smith and Yardley (1996) did a detailed investigation of boron isotope fractionation in granites and related W-Sn veins from magmatic to hydrothermal systems in Cornwall, Southwestern England. Jiang and Palmer (1998) summarized the boron isotope systematics of tourmaline from granites and pegmatites. Both of them suggested that boron isotope fractionation occurs during magmatic degassing and magmatic-hydrothermal evolution, whereby the heavy 11 B is preferentially partitioned into exsolved volatile aqueous fluids, resulting in a relative 10 B enrichment in the residual melt and magmatic tourmalines. This is in good agreement with the boron isotope Clarke et al., 1989; Swihart and Moore, 1989; Chaussidon and Albarède, 1992; Slack et al., 1993; Smith and Yardley, 1996; Jiang and Palmer, 1998; Kasemann et al., 2000; Jiang, 2001) . fractionation trend for tourmalines from the quartz-tourmaline orbicules (δ 11 B = -32.1‰ to -37.3‰) and veins (δ 11 B = -21.3 to -28.2‰) at Lavicky. Hence, the quartz-tourmaline orbicules at Lavicky may represent the last crystallized residual melt, possibly in association with early magmatic-hydrothermal fluids; and the quartztourmaline veins formed from hydrothermal fluids exsolved from this residual melt.
Previous studies have shown that the fractionation of the two boron isotopes is almost entirely controlled by the relative partitioning between the two boron complexes in nature, i.e., trigonal complex B(OH) 3 and tetrahedral complex B(OH) 4 - (Kakihana et al., 1977; Palmer and Swihart, 1996) . In aqueous fluids, the relatively proportion of B(OH) 3 and B(OH) 4 -is related to the pH of the solution. At pH of tourmaline stability (i.e., pH < 6), the B(OH) 3 is the only stable boron species in solution in equilibrium with tourmaline (Morgan and London, 1987; Palmer et al., 1992) , and the boron isotope fractionation between tourmaline and fluid can be estimated according to the experimental studies of Palmer et al. (1992) . Fluid inclusion studies of quartz in the Lavicky quartz-tourmaline veins show a formation temperature of 350-440°C, and the δ 11 B values for the hydrothermal fluids that are responsible for the vein formation at Lavicky are calculated to be around -20 to -16‰. The δ 11 B value for the melt is more difficult to estimate. Until now it is still uncertain in which form the boron exists in the melt and how big is the boron isotope fractionation between the melt and tourmaline. Boron in the melt is thought to be in the form of tetrahedral B(OH) 4 -complexes (Pichavant, 1983; Chakraborty et al., 1993) . However, Geisinger et al. (1988) suggested that a substantial proportion of boron is in trigonal complexes in Al-rich granitic melts. Dingwell et al. (1996) suggested that boron is present as both trigonal and tetrahedral complexes in granitic melts, with their relative proportions being affected by the alkali/aluminum ratio and the speciation of aluminum. Hence, there should be a boron isotope fractionation between the melt and the magmatic tourmaline. Primary studies on the experimental determination of boron isotope fractionation between silicate melt and vapour at T = 650-750°C and P = 200 MPa, yielded a δ 11 B fractionation of 5 to 7‰ (Hervig et al., 1997) . This fractionation is larger than previously observed in tourmaline-vapour hydrothermal system under the same P-T conditions (~3%, Palmer et al., 1992) . During the latest magmatic stage, when T = 550 ~ 650°C, the δ 11 B values of the melt for Lavicky granite can be estimated to be about -25 to -32‰ (Hervig et al., 1997) or -29 to -34‰ (Palmer et al., 1992) . These data are ~10‰ lower than the calculated δ 11 B values (-20 to -16‰) of hydrothermal fluids responsible for vein tourmaline formation at Lavicky, and therefore can not solely result from boron isotope fractionation during magmatic degassing (cf., Jiang and Palmer, 1998) . Other processes must have been involved in order to cause this large boron isotope fractionation between melt and hydrothermal fluids, and the most likely process seems to be mixing of the low δ 11 B magmatic-derived hydrothemal fluids with an externally derived (possibly from country rocks) fluid which is more 11 B-rich than the exsolved magmatic fluids. This kind of fluid mixing model is further supported by the chemical compositions of the vein tourmalines at Lavicky that indicate mixing of a possible Ca-and Mg-rich external fluid with the exsolved Fe-rich magmatic fluids. In fact, fluid mixing commonly occurs during magmatic-hydrothermal evolution in many granite-related systems (e.g., London and Manning, 1995; Jiang and Palmer, 1998; Jiang, 2001) .
DISSCUSIONS ON POSSIBLE PRIMARY BORON SOURCES FOR THE GRANITE
Large δ 11 B variations are found in tourmalines from various geological settings (Palmer and Slack, 1989; Jiang and Palmer, 1998) . It is suggested that the first-order controls on the boron isotope compositions of the tourmalines are the boron sources because different boron reservoirs have distinctive δ 11 B values (Palmer and Swihart, 1996; Jiang et al., 1999 Jiang et al., , 2000 . Three possible sources of boron for granites and pegmatites are suggested (Jiang and Palmer, 1998 ): 1. Boron derived from decomposition of tourmaline from the source rocks. Tourmaline represents the most abundant mineralogical sink for boron and is a common constituent of metapelites that are likely protoliths of granitic magma.
2. Boron derived from B-bearing silicate minerals. Considering the high modal abundance of other silicate minerals such as muscovite (up to 2000 ppm B) and chlorite (up to 1500 ppm B) (Henry and Dutrow, 1996) , these minerals may also act as a major boron source for the granitic magma. For example, Bebout et al. (1992) noted that muscovite contains 60 to 75% of the total B in tourmaline-bearing metagraywacks of the Pelona schist. Leeman and Sisson (1996) also suggested that muscovite is the principal host phase for B in many granitic rocks and sub-granulite grade metamorphic rocks.
3. The third possible boron source is from evaporites that are likely interbedded in the clastic sedimentary rocks. Evidence has shown that non-marine evaporites were the major B source for the formation of stratabound tourmalinites in the Broken Hill Pb-Zn-Ag deposits of Australian where the tourmalines show very low δ 11 B values of -23 to -27‰ (Palmer and Slack, 1989; Slack et al., 1993) . However, no solid evidence has been found so far for the direct invlovement of evaporites in granitic magma. Several lines of evidence indicate that evaporites may represent a significant B inventory for magmatic melt/fluid systems. For example, the high boron, lithium, and alkali concentrations of the Cornubian batholiths of SW England are compatible with source rocks of these granites containing non-marine evaporites (Charoy, 1986) . Extremely high Cl/Br and Cl/I ratios and sulfate concentrations are reported for the magmatic fluids forming the quartz-fluorite veins in the granitic pluton at Capitan Mountains, New Mexico (Campbell et al., 1995) . These unusual geochemical data were taken as good evidence to support assimilation of evaporites into the magma before fluid exsolution. This is further supported by the existence of abundant salt and sulfate materials in the Permo-Triassic sequence that the rising magma passed through. In the Versoyen area of France and Italy, Schürch et al. (1986) found ferroaxinite in the metadolerites and suggested that the boron originated from xenoliths of carbonate and evaporitic rocks enclosed in the dolerite.
The quartz-tourmaline orbicules from Lavicky leucogranite show the lowest δ 11 B values down to -37‰, which may indicate that non-marine evaporites were assimilated during generation or ascent of the magma. Non-marine evaporites are the only boron reservoir known in nature with a δ 11 B value of less than -20‰ (Swihart et al., 1986; Palmer and Swihart, 1996) . In the Lavicky area, we noted abundant localities of scapolite-bearing schists in the sequence of Precambrian metamorphic rocks, which is a good indicator of the preexistence of evaporites in the sedimentary strata. One likely explanation for the extremely low δ 11 B granite is that non-marine evaporites were at the source region of clastic sedimentary rock strata. In this case, the remelting of evaporite-bearing sedimentary rocks would produce low δ 11 B granitic magma. It is also likely that assimilation of non-marine evaporites into the granitic magma took place at a very high-level to form a boronrich roof zone in the leucogranite. The extremely low δ 11 B values in quartz-tourmaline orbicules may therefore reflect mixed boron sources with one normal of primary magmatic source (δ 11 B around -10 to -15.0‰, cf., Jiang and Palmer, 1998) and the other very light (δ 11 B < -27‰) of non-marine evaporitic origin. Alternatively, there is a possibility that the very light boron isotopic compositions of tourmaline in the tourmalinequartz orbicules are due to multiple exsolution and extraction of fluid/vapor/melt, as 11 B is strongly partitioned into the fluid/vapor (Palmer et al., 1992; Jiang and Palmer, 1998) . In this case, the granitic intrusives should show a multiple and complex evolution history, and this is not the case for the Lavicky granite.
Recognition of evaporite involvement in the Lavicky magmatic system has implications for economic mineralization in the region, as evaporites typically contain large quantities of anions that are necessary for mobilizing and transporting metals (e.g., Helgeson et al., 1970; Barnes, 1979) . It is also noteworthy here that many Sn deposits are associated with quartz-tourmaline orbicule-bearing leucogranites, for example at Cornwall, England (Brammall and Harwood, 1925) , Malaysia (Hutchison and Leow, 1963) , Yukon Territory (Sinclair and Richardson, 1992) , and Tasmania (Taylor, 1979) .
CONCLUSIONS
The chemical and boron isotopic compositions of tourmaline from quartz-tourmaline orbicules and quartz-tourmaline veins in the Lavicky leucogranite, Czech Republic are reported in this paper. The following conclusions can be drawn: 1) Tourmaline from the orbicules is Fe-rich schorl with Fe/(Fe+Mg) ratios of 0.62 to 0.77 and Na/(Na+Ca) ratios of 0.82 to 0.95. In contrast, tourmaline from the quartz-tourmaline veins that cut the orbicules is Fe-poor dravite with Fe/ (Fe+Mg) ratios of 0.23 to 0.45 and Na/(Na+Ca) ratios of 0.67 to 0.90.
2) Tourmalines from the orbicules display extremely low δ 11 B values of -37.3 to -32.1‰, which is the lightest boron isotopic composition of tourmaline reported so far in nature. Our favorable interpretation is that this low δ 11 B characteristic indicates a possible non-marine evaporite involvement in the granitic magma either in its source region or during its ascent.
3) Tourmalines from the quartz-tourmaline veins have relatively higher δ 11 B values of -28.2 to -21.3‰ than those of oribicule tourmalines. These tourmalines are most likely formed from the B-and Fe-rich exsolved magmatic fluids mixing with an external fluid rich in Ca and Mg and possibly has higher δ 11 B value than the magmatic fluids.
